In this work, new method for surface treatment of the material by laser irradiation was investigated; the experimental works were conducted to study the effect of laser irradiation on the improvement of the mechanical properties of the alloys. Excimer laser at 193nm were used at the same power of 6mJ and repetition rate of 200 Hz. Nanoindentation technique was used to determine film hardness, stiffness and elastic modulus using a nano test instrument form with diamond indenter. The peak loads in the range 1 -200 mN were used, with variable loading rate in proportion to the peak loads starting at a value of 0.05 mN/s. The hardness and reduced modulus have been determined from these indentation curves using a method originally proposed by Oliver and Pharr, which fits a power-law function to the unloading curve. The qualitative method of microstructure analysis of the samples has been examined before and after laser irradiation at different test conditions to explain the change in mechanical properties according to the change in microstructure features.
INTRODUCTION

Methods of Treating and Finishing in Building
Coating of surfaces: For civil engineering projects the most common method of providing protection is the application of a protective coating during construction. Over the years the specifications for such coatings have been developed such that modern specifications can be used with a high degree of confidence, with respect to the anticipated performance of the coating specification [1] . However, even with modern coating specifications it is impossible to achieve the required design life using a protective coating without very significant maintenance several times within the design life. For example, Highways Agency standard specifications assume the maximum period to first maintenance of 25 years and even the most optimistic assessment of other, more modern specifications would not extend this much beyond 30 or 35 years [2, 3] .
Galvanization: Steel can be coated with a variety of metals. The term galvanized steel means that it is coated with zinc. Galvanized steel is made by dipping the steel in a hot bath of molten metal [4, 5] .
Alloying Elements Additions:
Alternative approaches to durability have been explored and used in bridge construction, most notably through the use of weathering steels. These are carbon steels with minor alloying additions of copper that form a stable layer on the surface of the steel and thereafter corrode much more slowly than conventional structural steels, these materials do work and need maintenance [6] [7] [8] . Within the design life; provided the material is treated correctly and used in an appropriate environment (essentially one that is free of excess pollutants, chlorides and is regularly wetted by rain and dried. These environmental constraints do somewhat limit the use of the material as does the appearance of the steel which to the layman appears to be simply rusty steel. As with the case of carbon steel, structural steel (even in the coated form) represents a material that is not inherently durable in most service environments [9, 10] .
Development of new alloys:
The obvious solution to this would be to use duplex stainless steels, which have increased yield strength. However, in many instances the design of longer span structures will be controlled, at least in part, by considerations of deflections as much as strength. Given the elastic modulus of duplex steel is very similar to that of carbon steel there may be little benefit in using this material [11, 12] .
There are applications where stainless steel is used as a replacement for carbon steel and there is scope to increase the use of stainless steel in the future. The areas of use of stainless steel can be broadly considered as structures needs good appearance and corrosion resistances [13] [14] [15] [16] , in these examples the stainless steel was not used simply for appearance it was used as primary structure [17, 18] .
Buckling: It is well-known that the interaction of buckling modes leads to pronounced imperfection sensitivity and unstable post-buckling response. For stainless steel structural members, this interaction is influenced by gradual yielding which leads to a loss of stiffness and buckling capacity under increasing stress [19, 20] .
EXPERIMENTAL WORK
Material
The alloy used through this work was supplied by Sandvik Co, France in the form of sheets of stainless steel AISI 304 commercial grade. The samples were irradiated by laser. Table ( 1) shows the laser irradiation conditions of the samples.
Table (1). Laser Irradiation Conditions.
Nano Indentation Measurements
The Nano test is a pendulum-based depth-sensing system, the sample mounted vertically and the load applied electromagnetically. Current in the coil causes the pendulum to rotate on its frictionless pivot so that the diamond probe penetrates the film surface. Test probe displacement is measured with a parallel plate capacitor with sub-nm resolution. A Berkovich (three-sided pyramidal) diamond indenter was used for all the indentation testing. In view of the rounding of the indenter at the tip, it is necessary to determine the area function of the indenter to obtain meaningful values of hardness and modulus. The area function for the diamond, which is used to determine the contact area for a given depth, was calibrated by indentations to different depths into fused quartz (load range: 0.5-200 mN). Fused quartz is an isotropic material used as a calibration standard by the nanoindentation community because its hardness and elastic modulus do not vary significantly with indentation depth. The area function for the diamond used in this work was:
where h c is the contact depth. For comparison, the area function of an ideal Berkovich diamond is A = 24.5h 2 . Fused quartz was also used to determine the instrument (frame) compliance, which was 0.81 nm/mN for the instrument used in this work. The measured depth is adjusted for the effect of instrument compliance in the instrument software. Nano-indentation was used to determine film hardness and elastic modulus using a nano-test 600 instrument from Micro Materials Ltd with a Berkovich (three-sided pyramidal) diamond indenter. The peak loads in the rage 1 -200 mN were used, with loading rate = unloading rate that were varied in proportion to the peak loads starting at a value of 0.05 mN/s for the 1 indentations, while common experimental conditions as initial (contact) load 0.05 mN and holding period at peak load 10 s were used for all the measurements. The indentations were repeated at least five times at each load on different regions of the sample surface apart 100m. The hardness and reduced modulus have been determined from these indentation curves using a method originally proposed by Oliver and Pharr, which fits a power-law function to the unloading curve [17, 21] .
Qualitative Analysis
The specimens were prepared for examination first by grinding on different grades of silicon carbide "SiC" papers coarse grinding followed by fine grinding at 180,240,320,400,600, and 800 finally polishing was conducted with Alumina powder (3µm) size. The details of the microstructure were revealed after etching by standard etching solution of the alloy selected. All specimens were etched and polished several times to obtain best results and to produce a uniform level of sample examination. Table ( 2) shows the etching solutions used for the investigated alloys [17, 22] .
Table (2). The etching solutions used for all alloys
. The surfaces of the samples before and after laser irradiation were examined using an Olympus optical microscope Model BHM at selected magnification.
RESULTS AND DISCUSSIONS
Laser Irradiation and Nano-Measurements
Nano indentation test was repeated at the same conditions and the same test procedures at a wavelength of 193nm. The samples were irradiated at 193nm at the same power of 6mJ and repetition rate of 200 Hz. (2) show the variation of stiffness with depth and load as a function of the number of pulses respectively. In general, the stiffness increased gradually with indentation depth and load. The minimum values of stiffness were recorded close to the surface of the sample with a slight increase for the samples irradiated at 2000 pulses. On the other hand a significant increase in stiffness was recorded for samples irradiated at higher number of pulses. The recorded variation in stiffness with indenter depth and load show that, indentation with number of pulses of 5000 pulses produces the highest stiffness, while increasing number of pulses up to 15000 pulses reduces indentation stiffness. Figure (3) shows the variation of hardness with maximum depth for the austenitic stainless steel 304 irradiated by Excimer laser 193nm at 200Hz, 2.2mJ at different number of pulses. The higher number of pulses the higher the hardness at an indentation depth of about 750nm at number of pulses from 0 to 5000 pulses. Figure (4) shows the variation of hardness with maximum load for the austenitic stainless steel 304 irradiated by Excimer laser 193nm at 200Hz, 2.2mJ, at different number of pulses. The hardness decreased as the load increased, maximum hardness is at the surface, the higher number of pulses the higher the hardness at maximum load of 100mN. Figure (5) shows the variation of reduced modulus with maximum depth for the austenitic stainless steel 304 irradiated by Excimer laser 193nm,200Hz, 2.2mJ, at different number of pulses. The variation of reduced modulus is significant at an indentation depth of 500nm. Figure (6) shows the variation of reduced modulus with load for the austenitic stainless steel 304 irradiated by Excimer laser 193nm, 200Hz, 2.2mJ, at different number of pulses. The change in reduced modulus is less pronounced than variation in hardness at the same range of number of pulses. The gradual decrease in modulus is at maximum load 120mN.
Qualitative Analysis Results
When a laser beam impinges on a surface, part of its energy is absorbed at the surface. If the power density of the laser beam (usually given in watts per square centimeter) is sufficiently high, heat will be generated at the surface faster than heat conduction to the interior, and the temperature on the surface layer will increase rapidly. At very short time, a thin surface layer will have reached phase transition temperatures; where as the interior of the work-piece is still cold. Lasers can generate very intense energy fluxes at the work piece surface. Because ferrous materials are very good heat conductors, the high heat fluxes generated by lasers are most suitable to heat the surface layer to phase transition levels without affecting the bulk temperature of the sample. The ensuing self-quenching is rapid enough to eliminate the need for external quenching to produce the hard martensite in the heated surface.
Microstructure Examination
Figure (7) shows the variation in microstructure of stainless steel 304 irradiated by Excimer laser 193nm. Laser irradiation leads to change in grain size. At lower number of pulses, grain size increases and grains refinement were occurred. When the number of pulses increased over 10250 pulses and grain growth happened; this is the main reason for the decrease in mechanical properties at higher number of pulses.
In this type of stainless steels, γ-phase persists at room temperature leading to the familiar group of austenitic steels based on % Cr (percentage of Chromium) and, % Ni (percentage of Nickel). This particular composition formed because minimum nickel content is required to retain γ at room temperature. The 18Cr8Ni steel, in fact, has an Ms martensite transformation just below room temperature on cooling, it will transform very substantially to martensite. This significant improvement in hardness after laser irradiation is due to the alloying elements found in this type of steel.
This result agrees with the published results. For example in 2000 scientists [18] published a group of papers about the improvement in micro-hardness and corrosion due to laser irradiation of some types of steels and prove that the effect is not only limited on the surface but may be reach to about 0.7mm [11, 18] as well. In the current study, the laser effect was reached to about 500µm. The mechanism of 20µm laser metal interaction at different irradiation conditions may explain the deviation between the current study and published results.
The laser interaction with the alloys is a very complex phenomenon. A mechanism of laser irradiation at high power rating was explained according to the following procedures: a point on the surface within the path of the beam is rapidly heated as the beam passes. This area is subsequently cooled rapidly by heat conduction to the interior after the beam has passed [20] . The material will harden to the desired depth. The major advantages of laser surface hardening include close control of the power input with modern metalworking lasers; the high power density provided by the laser, which in turn maximizes the total energy input and the ability of the laser to reach normally inaccessible areas on the work-piece surface. Because no vacuum or protective atmosphere enclosure is needed and because the distance from the work piece to the last optical element of the laser system can be quite long. It is possible to process very large or irregular-shaped work pieces [10, 12] . The only disadvantages in this technique that some parts at the sample surface were burned due to high power rating of 193nm which leads to oxidation of some parts on the surface of the alloy at 50000 pulses.
CONCLUSIONS
1. Laser surface irradiation process is a very complicated process, it is found to be affected by the microstructure. 2. The mechanical properties such as hardness, modulus and stiffness of the austenitic stainless steel were improved. Hardness and modulus were decreased with both depth and load but stiffness was increased. 3. The variation in microstructure of stainless steel 304 irradiated by Excimer laser 193nm. Laser irradiation leads to change in grain size. 4. At lower number of pulses, grain size increases and grains refinement were occurred. 5. The maximum improvement in nano-hardness and reduced modulus has been investigated in the surface of the sample and rapid decrease in the mechanical properties has been recorded along the depth. 6. When the number of pulses increased over 10250 pulses, grain growth happened and which is the main reason for the decrease in mechanical properties at higher number of pulses.
